Red crystals of iodotriphenylphosphonium pentaiodide, C 18 H 15 IP + ÁI 5 À , appear on cooling the black melt formed by heating a mixture of the commonplace reagents triphenylphosphine and molecular iodine. The compound has the highest I:P ratio hitherto established for a crystalline iodophosphonium polyiodide and constitutes the third member of the series Ph 3 P(I 2 ) n (n = 1, 2 and 3). All atoms occupy general positions in the triclinic space group P1. Comparison of the bond lengths within the above series reveals a pattern of primary and secondary bonding that is highly reminiscent of the much studied polyiodides, I À 2n+1 , where one of the I 2 moieties has been replaced by a PÐI group.
Comment
Classi®cation of adducts formed by combining the common reagents I 2 and Ph 3 P has not been straightforward. The 1:1 adduct crystallizes from diethyl ether as the molecular compound Ph 3 PI 2 (Godfrey et al., 1991) , (1), which remains un-ionized even when dissolved in dichloroethane (Deplano et al., 1997) . By contrast, the 2:1 adduct forms ionically diverse polymorphs, viz. (Ph 3 PI)I 3 , (2a), from toluene and [(Ph 3 PI) 2 -I 3 ]I 3 , (2b), from dichloroethane (Cotton & Kibala, 1987) . This type of polymorphism, although not unknown (Katrusiak, 2003) , is extremely rare and serves as a graphic illustration of the sensitivity of iodophosphonium polyiodides to solvent effects. In this case, the more polar solvent encourages autoionization and charge separation in what is already an extremely polarized species: 2(Ph 3 PI)I 3 3 [(Ph 3 PI) 2 I 3 ] + + I 3 À Indeed, (2b) is best described as an ion pair associating through a weak charge-transfer bond. The above structures represent the highest I:P ratio hitherto achieved in the Ph 3 P/I 2 system and it is noteworthy that an iodophosphonium polyiodide structure with an I:P ratio of 6 or higher has yet to be reported. This is somewhat surprising given the ionic behavior outlined above and the fact that several molecular cations are known to form compounds with large polyiodide counter-ions, e.g. Me 3 S + forms a series of crystalline polyiodides, including one in which the I:P ratio exceeds 8 (Svensson et al., 2000) , and [Et 3 S]I x (x > 4) forms polyiodide melts in which non-polar I 2 is considered to be behaving as a solvent (Bengtsson et al., 1991) . The current investigation was therefore undertaken in order to discover how Ph 3 P would react with I 2 when freed from the in¯uence of conventional solvents. Direct reaction of molten Ph 3 P with I 2 produced the title compound, (Ph 3 PI)I 5 , (3) (Fig. 1) . Compound (3) is clearly related to (2a), the 2:1 polymorph grown in toluene, and forms the third member of the series Ph 3 P(I 2 ) n (n = 1, 2 and 3). This series, in turn, has strong similarities with the extensively studied polyiodides I À 2n1 (n = 1, 2, 3 and 4), where I À replaces Ph 3 P as the base (Svensson & Kloo, 2003) .
Polyiodides are classi®ed according to their IÐI bond lengths, e.g. I 5
À can be described as V-shaped
, depending on the pattern of interatomic distances. Furthermore, below 3.3 A Ê (Coppens, 1982) or, arguably, 3.4 A Ê (Svensson & Kloo, 2003) , the bonds are considered to be intramolecular or primary bonds. Above these values up to 3.7 A Ê , the bonds are de®ned as intermolecular or secondary and up to 3.9 A Ê as weak van der Waals interactions. The same rationale can be used to classify iodophosphonium polyiodide structures, with the proviso that PÐI bonds are always primary. Alternatively, a more inclusive scheme based on bond order can easily be set up using empirical bond length versus bond order (n) relationships. The molecular structure of (Ph 3 PI)I 5 , showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 50% probability level and H atoms are shown as small spheres of arbitrary radii.
An existing equation, viz. IÐI = 2.67 À 0.85log 10 (n) (Bu È rgi, 1975) , allows the above bond-length ranges to be converted into bond orders, primary above 0.18 (or 0.14) and secondary down to 0.06. Also, as the crystal structures of several R 3 PI 2 adducts are now known, a similar equation, PÐI = 2.35 À 1.14log 10 (n), can be derived for PÐI bonds by assuming n IÐP = 1 À n IÐI (Fig. 2) . The subsequent bond orders, calculated by applying these equations to crystallographically determined bond lengths from the Ph 3 P(I 2 ) n series (Fig. 3) , clearly justify the assignment of Ph 3 PI 2 and (Ph 3 PI)I 3 to compounds (1) and (2), respectively. Also, based on these values, (Ph 3 PI)I 5 is the most appropriate description of (3).
Further support for these assignments comes from solution work carried out in dichloroethane, where I 3 À and I 5 À ions were detected but not I À (Deplano et al., 1997). These iodophosphonium polyiodide structures are analogous to known polyiodide types: (1) corresponds to a typical asymmetric I 3 À , (2a) to an L-shaped (I 3 À )ÁI 2 and (3) to pyramidal (I 5 À )ÁI 2 . In each case, the PÐI moiety behaves like a low acidity, but by no means inert, I 2 . More detailed examination of (3) The close parallels between the iodophosphonium polyiodides and polyiodides extend to their secondary interactions. Compound (2a) associates into a trans-chain, one of the common contact geometries for pentaiodides (Svensson & Kloo, 2003) , by head-to-tail linking of adjacent I 3 À groups via a 3.741 (1) A Ê (n = 0.05) secondary bond. A stronger secondary bond of 3.601 (1) A Ê (n = 0.08) links (3) into a cis-chain (Fig. 4) , which can be pictured as evolving from the trans-chain by adding an extra I 2 side branch opposite the IPPh 3 moiety and then twisting the chain from trans to cis. This type of extended structure is also seen in the heptaiodide [H 3 OÁ18-crown-6]I 7 , where it has been described as a sawhorse (Abd El Khalik et al., 1999; Junk et al., 1995) .
The current, solvent-free, work has broadened our understanding of iodophosphonium polyiodides and, perhaps more importantly, established clear parallels between the Ph 3 P(I 2 ) n and I À 2n1 structures, suggesting that crystals with even higher iodine loadings may well be attainable. Despite the cursory nature of our observations on the melt associated with the formation of (3), there is suf®cient evidence to suggest that research along the lines of that carried out on polyiodide melts (Bengtsson et al., 1991) may well prove fruitful in this case too.
Experimental
The title compound was prepared by placing powdered Ph 3 P in a 0.7 mm diameter special-glass X-ray sample tube to a depth of ca 10 mm, using a second tube as a funnel to prevent the glass becoming contaminated. Approximately the same quantity of ®ne I 2 crystals was added immediately prior to the tube being evacuated with a rotary pump and¯ame sealed. Although a narrow brown layer appeared instantaneously at the interface between the two materials, it did not develop further until the tube was heated to the melting point of Ph 3 P. At this point, the I 2 crystals and their violet vapour disappeared to be replaced by a black melt which extended for several mm over the interface region. On cooling, red crystals of Ph 3 PI(I 5 ), (3), were recovered by breaking the glass tube under inert oil. The variation of PÐI bond length (A Ê ) with bond order n. (I) is (2-Me-1,2-C 2 B 10 H 10 )( i Pr) 2 PI 2 (Teixidor et al., 2000) , (II) is Ph 3 PI 2 (Godfrey et al., 1991) , (III) is [C 6 H 2 (OMe) 3 ] 3 PI 2 ÁCH 2 Cl 2 (Godfrey et al., 1998) (Ruthe et al., 2000) and (VI) is PhMe 2 PI 2 (Bricklebank et al., 1995) .
Figure 3
Empirically derived bond orders for Ph 3 P(I 2 ) n (n = 1, 2 and 3). The sawhorse structure of (3), formed through association of pyramidal Ph 3 PI(I 5 ) units via secondary bonds. As the melt-grown crystals formed as a fused mass, it proved dif®cult to select an ideal crystal. Despite this, a reasonable quality data set was obtained, enabling the structure to be solved and subsequently re®ned in the space group P1 (No. 2). Some peaks as high as 2.2 e A Ê À3 remained in the difference Fourier map. These peaks shared y and z coordiates with I atoms but were shifted in the x direction. Since a twinned re®nement did not affect the size of the extra peaks or improve the R factors, a twinned model was rejected. It is suggested that stacking faults may occur along the a axis, which coincides with the backbone of the sawhorse. H atoms were constrained to chemically reasonable positions, with CÐH = 0.95 A Ê and U iso (H) = 1.2U eq (C).
Data collection: COLLECT (Nonius, 1998); cell re®nement: SCALEPACK (Otwinowski & Minor, 1997) ; data reduction: SCALEPACK and DENZO (Otwinowski & Minor, 1997 ); program(s) used to solve structure: SHELXS97 (Sheldrick, 1997); program(s) used to re®ne structure: SHELXL97 (Sheldrick, 1997); molecular graphics: ORTEP-3 for Windows (Farrugia, 1997) ; software used to prepare material for publication: WinGX (Farrugia, 1999 
